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Abstract Long length MOD processing of YBCO conductor requires high performance precursor 
solution without degradation during the process. In this study, effect of chemical modification of 
precursor solution on MOD processing was investigated to meet the requirement. Highly stable YBCO 
precursor solution was synthesized with PVP (polyvinylpyrrolidone) and crack-free thick precursor 
film was successfully fabricated. However, annealed YBCO film shows porous microstructures 
originated from large HF gas generation from thick films and residual carbon from additives.  
Reduction of fluorine content is required to densify microstructures. In order to reduce fluorine 
content, F-free Cu-precursor solution was synthesized.  YBCO film with Jc=0.8MA/cm
2 was grown on 
buffered RABiTS tape. Annealed YBCO film still contains pores and further reduction of pores is 
required to improve critical current (Ic) 
 
1.  Introduction 
The YBa2Cu3O7-x (YBCO)-based coated conductor (CC) is promising high temperature 
superconducting (HTSC) wire architectures for electrical devices [1]. Many efforts are in progress to 
develop long HTSC wire with high current carrying capacity by coated conductor architecture [1-3].  
Among them, metal-organic deposition using trifluoroacetates (MOD-TFA) is attracting more interest 
because of its potential for scale-up and cost-effectiveness. MOD-TFA is chemical solution deposition 
process which is intrinsically non-vacuum approach and YBCO thin films with relatively high Jc 
(>1MA/cm2) can be routinely fabricated by this process [4-7].  
In order to obtain YBCO CC with high critical current, several requirements such as dense 
microstructure, clean grain boundary, fine precipitate for flux pinning, increasing thickness per coating, 
etc. should be satisfied. In MOD-TFA process, one of the most important issue in the fabrication of 
YBCO coated conductor with high Ic is the synthesis of MOD precursor solution. In particular, long 
length processing of coated conductor requires stable precursor solution.   
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In this study, effect of chemical modification of precursor solution on MOD processing was 
investigated to meet the requirement for high Ic. In particular, the effect of chemical modification of 
precursor solution on microstructure and thickness of YBCO or precursor film was checked. Chemical 
modification of precursor solution was performed by adding organic additives or substituting F-free 
Cu precursor for Cu-trifluoroacetate.  
2.  Effect of PVP (Polyvinylpyrrolidone) addition 
In chemical solution processing of thick ceramic films, organic additives such as 1, 3-propanediol, 
ethylene glycol etc. are employed to improve stability of precursor solution and fabricate crack free 
thick films [8,9].  V. L. Tu et al. deposited 1μm-thick & crack-free Pb(Zr,Ti)O3 (PZT) films using 
chemical solution deposition with 1,3-propanediol containing precursor solution. Recently, H. Kozuka 
et al., fabricated 2μm-thick PZT films without any crack by PVP-assisted Sol-gel process.  It is known 
that addition of PVP in precursor solution improve stability of precursor solution by inhibiting 
condensation reaction and increase critical thickness for crack generation [10]. P. Clem et al. shows 
that PVP can reduce film stress and increase the thickness of YBCO film prepared by PVP-assisted 
SANDEATM solution [11].   
In this study, in order to improve stability and thickness of YBCO film, PVP was incorporated into 
our YBCO oxide-based precursor solution.  Fig. 1 shows surface of the precursor film after calcination 
using PVP-assisted YBCO precursor solution.  No crack was detected and uniform surface was shown. 
 
 
Fig. 1. Surface of as-calcined precursor film. (a) OM, (b) SEM 
By controlling concentration of PVP, thickness of crack-free precursor film was linearly increases 
to 2μm (Fig. 2(a)). This means PVP act as stress releasing agent and improve critical thickness of 
precursor films. In addition, time-dependent variation of solution viscosity is negligible, which 
indicates excellent stability of precursor solution with PVP (Fig. 2(b)). 
 
Fig. 2. (a) Thickness of precursor films after calcination as a function of  concentration of PVP,                








1.5μm-thick precursor film was converted to YBCO films after annealing.  The thickness of YBCO 
film was about 0.7μm (Fig. 3). However, surface and cross-section of annealing YBCO film shows a 
large amount of pores exists and size of pores are very large.  As a result of this, the measured Ic value 
of this sample is only 2A.  The origin of these large pores is attributed to large HF generation from 
thick precursor film during the annealing process and possible residual carbon from additives [12].  
This shows that a new solution with low HF content is required to inhibit pore formation. 
 
 
Fig. 3. Microstructure of converted YBCO film after annealing. (a) surface, (b) cross-section 
3.  F-free Cu precursor solution 
F-free Cu precursor solution was synthesized by dissolving F-free Cu precursor into methanol with 
Yttrium and Barium trifluoroacetate. Since the total content of Fluorine in the precursor solution is 
half of conventional MOD-TFA precursor solution, much faster calcinations profile compared with 
that of conventional MOD-TFA process was applied. Only 2~3 hours are required to finish 
calcinations process. In this study, buffered RABiTS tape was used as substrate for coating. Fig. 4 
presents as-calcined surface of the precursor film which shows crack-free 1.7μm-thick film. Thickness 
of precursor film is beyond the range of conventional MOD-TFA solution (t~1μm).  This can be 




Fig. 4. Surface of calcined precursor film using F-free Cu precursor solution. (a) OM, (b) SEM 
The calcined precursor film was converted to YBCO film after annealing process in Ar/O2 
atmosphere. DC 4-probe measurement shows that critical current of YBCO film was about 0.8MA/cm2.  
Microstructural investigation indicates that pores still exist and further removal of pores is required to 
improve critical current of the YBCO film. It is known that low pressure annealing will improve 
growth rate of YBCO film and suppress HF gas build-up during the conversion process [13]. In order 
to improve microstructure and critical current of YBCO film, low pressure annealing will be applied to 










Fig. 5. (a) Surface  and (b) Cross-section of YBCO film prepared by F-free Cu precursor solution 
4.  Summary 
In summary, PVP-containing precursor solution was synthesized and YBCO film shows porous 
microstructures originated from large HF gas generation from thick films and residual carbon from 
additives.  Reduction of fluorine content is required to improve microstructures. 
In order to reduce fluorine content, F-free Cu-precursor solution was synthesized.  A crack-free 
1.7mm-thick precursor film was fabricated through fast calcinations process. Converted YBCO film 
shows critical current of 0.8MA/cm2. Microstructure of YBCO film still contains pores and further 
reduction of pores is required for higher Ic. 
 Low pressure annealing will be applied to achieve high Ic through fast growth rate and inhibition 
of HF gas build-up. 
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